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,QWHUQDWLRQDO&RQIHUHQFHRQ$SSOLHG3K\VLFVDQG,QGXVWULDO(QJLQHHULQJ
$QDO\VLVRQ(QHUJ\&RPSUHKHQVLYH8WLOL]DWLRQRI,URQ	
6WHHO,QGXVWU\
'21*+XL]KRQJ<,1;LXTLQJ
0DQDJHPHQW6FKRRORI6KDQGRQJ8QLYHUVLW\RI7HFKQRORJ\
1R=KDQJ]KRX5RDG=KDQJGLDQ'LVWULFW=LER&LW\6KDQGRQJ3URYLQFH&+,1$


$EVWUDFW
%DVHG RQ WKH WKHRU\ RI LQGXVWULDO HFRORJ\ WKH FRQQRWDWLRQRI FRPSUHKHQVLYH XWLOL]DWLRQ RI HQHUJ\ LQ LURQ	 VWHHO
LQGXVWU\ ZDV DQDO\]HG DQG WKH KH LPSRUWDQFH RI FRPSUHKHQVLYH XWLOL]DWLRQ RI HQHUJ\ ZDV H[SRXQGHG LQ WHUPV RI
UHVRXUFHVFRQYHUVLRQDQGHQYLURQPHQWSURWHFWLRQ5HFRYHU\DSSURDFKHVRIVHFRQGDU\HQHUJ\LQLURQ	VWHHOLQGXVWU\
ZHUHVWXGLHG)LQDOO\WKHSDSHUSXWIRUZDUGVRPHDGYLFHVRIHQHUJ\SROLF\WKURXJKDQDO\]HGSUREOHPVRIROGSROLF\
V\VWHPRIWKHLQGXVWU\LQRXUFRXQWU\

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\ZRUGVLURQ	VWHHOLQGXVWU\LQGXVWULDOHFRORJ\VHFRQGDU\HQHUJ\8WLOL]DWLRQ
,QWURGXFWLRQ
,URQ 	 VWHHO LQGXVWU\ LV WKH EDVLV RI QDWLRQDO HFRQRP\ DQG LW LV DOVR DQ LPSRUWDQW LQGLFDWRU RI
FRXQWU\¶V HFRQRPLF OHYHO DQG RYHUDOO QDWLRQDO VWUHQJWK &KLQD¶V LURQ 	 VWHHO LQGXVWU\ KDV PDGH
FRQVLGHUDEOHSURJUHVVLQUHVHQW\HDUV,URQ	VWHHOLQGXVWU\KDVEHFRPHRQHRISLOODULQGXVWULHVLQ&KLQD
,W¶V FRQWULEXWLRQ WR JURZWK UDWH RI QDWLRQDO HFRQRP\ LV DQQXDO LQFUHDVH +RZHYHU DV &KLQD¶V UDSLG
HFRQRPLFJURZWKFRQWUDGLFWLRQEHWZHHQHQHUJ\VXSSO\DQGGHPDQGKDYHEHFRPHLQFUHDVLQJO\SURPLQHQW
KLJK SROOXWLRQ DQG KLJK HQHUJ\ FRQVXPSWLRQ FKDUDFWHULVWLFV DOVR PDNH LURQ DQG VWHHO LQGXVWU\ LQ WKH
DQWLSROOXWLRQUHGXFWLRQDQGHQHUJ\VDYLQJ>@5HVRXUFHVDQGHQHUJ\ZRXOGEHWKHPDLQREVWDFOHIRULURQ
	 VWHHO LQGXVWU\ VXVWDLQDEOH GHYHORSPHQW ,URQ 	 VWHHO SURGXFWV DUH IHDWXUHG ZLWK KHDY\ HQHUJ\
FRQVXPSWLRQ KHDY\ SROOXWLRQ DQG UHVRXUFHUHODWHG ,Q RUGHU WR VROYH WKH VHULRXV SUREOHP RI UHVRXUFH
ZDVWH DQG HQYLURQPHQWDO SROOXWLRQ ZH PXVW FKDQJH WKH UHVRXUFHVSURGXFWVZDVWH SDUDGLJP RI
GHYHORSPHQWLQVWHDGRIWKHUHVRXUFHVSURGXFWVUHQHZDEOHUHVRXUFHVSDUDGLJPDQGDFKLHYHORZPLQLQJ
KLJKHIIHFWLYHDQGORZHPLVVLRQLQLURQ	VWHHOSURGXFLQJSURFHVV7KLVLVNH\VWUDWHJ\IRU,URQDQGVWHHO
LQGXVWU\VXVWDLQDEOHGHYHORSPHQW7KLVDUWLFOHZLOOUHVHDUFKHHQHUJ\FRPSUHKHQVLYHXWLOL]DWLRQRILURQ	
VWHHOLQGXVWU\EDVHGRQWKHSULQFLSOHRILQGXVWULDOHFRORJ\DQGVWXG\KRZWRUHXVHWKHVHFRQGDU\HQHUJ\LQ
LURQ	VWHHOSURGXFWLRQSURFHVVHVLQRUGHUWRUHDOL]HHQHUJ\PLQLPL]HGFRQVXPSWLRQDQGHQHUJ\RSWLPDO
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XWLOL]DWLRQ
,QGXVWULDO(FRORJ\
5RUEHUW )URVFK DQG1LFRODV*DOORSRXORV SURSRVHG WKH FRQFHSW RI LQGXVWULDO HFRORJ\ LQ 7KH\
FRQVLGHUHG WKDW LQGXVWULDO SURGXFWLRQ V\VWHP VKRXOG EH GHVLJQHG WKURXJK LPLWDWLQJ QDWXUDO HFRV\VWHP
PDWHULDO DQG WKH HQHUJ\ IORZ ZD\>@ ,W LV D V\VWHPV YLHZ LQ ZKLFK RQH VHHNV WR RSWLPL]H WKH WRWDO
PDWHULDOVF\FOHIURPYLUJLQPDWHULDOWRILQLVKHGPDWHULDOWRFRPSRQHQWWRSURGXFWWRREVROHWHSURGXFW
DQGWRXOWLPDWHGLVSRVDO>@)DFWRUVWREHRSWLPL]HGLQFOXGHUHVRXUFHVHQHUJ\DQGFDSLWDO

)LJ,QGXVWU\HFRORJ\SULQFLSOHVFKHPDWLFGLDJUDP
7KHLQGXVWU\HFRORJ\WKHRU\REWDLQZLGHVSUHDGDSSOLFDWLRQXQGHUZHQWPDQ\\HDUGHYHORSPHQW,WKDV
EHHQ FDUULHG RXW  UHODWHG UHVHDUFK LQ GHYHORSHG FRXQWU\ DQG LW KDV EHHQ REWDLQHG PRUHRYHU UDSLG
SURPRWLRQDQGDSSOLFDWLRQLQGHYHORSLQJFRXQWU\,WFRXOGEHGLYLGHGLQWRWKUHHOHYHOVIRULWDSSOLFDWLRQ
WKH ILUVW OHYHOZDV WRGLVFXVVKRZ WRRSWLPL]HXWLOL]DWLRQRIDOONLQGVRI UHVRXUFHVDQGPLQLPL]HZDVWH
SURGXFWLRQLQVLGHHQWHUSULVHVWKHVHFRQGOHYHOZDVWRFRQVLGHUFRRSHUDWLRQEHWZHHQGLIIHUHQWHQWHUSULVHV
DQGFRQVWLWXWHFRPSOHWHLQGXVWULDOHFRORJ\FKDLQLQRUGHUWRREWDLQPRUHEHQHILWWKDQLQGLYLGXDOEHKDYLRU
V
RSWLPL]DWLRQWKHWKLUGOHYHOZDVWREXLOGDUHJLRQDOHFRLQGXVWULDOQHWZRUN>@ 
&RPSDULQJWKH'LIIHUHQW3DWWHUQRI(QHUJ\8WLOL]DWLRQLQ,URQ	6WHHO,QGXVWU\ 
$FWXDOO\ 6WHHO SURGXFWLRQ LV D FRDOLURQ FKHPLFDO SURFHVV 1RW RQO\ VWHHO SURGXFWV EXW DOVR ODUJH
DPRXQWV RIE\SURGXFWV DQG UHVLGXDO HQHUJ\ZHUHSURGXFHG LQ WKHSURFHVV$V ORQJ DV DSSURSULDWH OLQN
WHFKQRORJLHV ZHUH GHYHORSHG WKHVH E\SURGXFWV DQG UHVLGXDO HQHUJ\ ZRXOG EHFRPH YDOXDEOH UDZ
PDWHULDOVRIRWKHULQGXVWULHVRUEHFRPHFLUFXODWLRQUHVRXUFHVLQWKLVHQWHUSULVH7KLVXWLOL]DWLRQSDWWHUQDQG
WKHHQHUJ\QDWXUDOIORZZLWKWKHIORZRIWKHIRRGFKDLQLQQDWXUHLVYHU\VLPLODUVRLWLVFDOOHGHFRORJLFDO
PRGHORIHQHUJ\XWLOL]DWLRQ 
(QHUJ\XWLOL]DWLRQPRGOHRIWUDGLWLRQDOLURQ	VWHHOLQGXVWU\LVVKRZQLQWKHILJXUH>@

)LJ(QHUJ\XWLOL]DWLRQPRGOHRIWUDGLWLRQDOLQGXVWU\

,Q WUDGLWLRQDO LURQ DQG VWHHO SURGXFWLRQ SURFHVV IHZ UHFRYHU\ PHDVXUHV RI VHFRQGDU\ HQHUJ\ ZHUH
DGRSWHG ,WEURXJKW DERXW FRQVLGHUDEO\ UHVRXUFHV DQG HQHUJ\ZDVWH$FFRUGLQJ WR UHOHYDQW LQIRUPDWLRQ
RQO\ UHVLGXDO JDV JHQHUDWHG LQ DFFRUGDQFH ZLWK WKH VWHHO PDQXIDFWXULQJ SURFHVV ZDV DV IROORZ %ODVW
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
IXUQDFHJDVTXDQWLW\LVa0WRQLURQKHDWLQJYDOXHLVaN-0DPRXQWRIFRQYHUWHU
JDV RFFXUUHG LV a0WRQ VWHHO KHDWLQJ YDOXH LV a N-0 DPRXQW RI FRNHRYHQ JDV
RFFXUUHGLVa0WRQFRNHKHDWLQJYDOXHLVaN-0>@ 
,Q HFRORJLFDO PRGHO RI LURQ DQG VWHHO LQGXVWU\ HQHUJ\ XWLOL]DWLRQ UHVRXUFHV DQG HQHUJ\ FRXOG EH
RSWLPL]HG FRQILJXUDWLRQ DQG JRW PXOWLSOH XVH DQG KLJK RXWSXW WKURXJK SODQQLQJ DQG GHVLJQLQJ WKH
SURGXFWLRQSURFHVVEDVHGRQLQSXWRXWSXWFKDUDFWHULVWLFVRILURQDQGVWHHOLQGXVWU\ORJLVWLFVHQHUJ\VWUHDP
(QHUJ\XWLOL]DWLRQPRGOHRIHFRORJLFDOLURQ	VWHHOLQGXVWU\LVVKRZQLQWKHILJXUH

)LJ(QHUJ\XWLOL]DWLRQRIHFRORJLFDOLURQ	VWHHOLQGXVWU\
6HFRQGDU\(QHUJ\8WLOL]DWLRQ 
&RPSUHKHQVLYH XWLOL]DWLRQ RI HQHUJ\ LQ LURQ 	 VWHHO LQGXVWU\ LV WR RSWLPL]H HQHUJ\ IORZ LQ HDFK 
SURFHVVHVDQGWRLPSURYHHIILFLHQF\7KHPRVWLPSRUWDQWLVWRLQFUHDVHWKHUHF\FOLQJRIVHFRQGDU\HQHUJ\
6HFRQGDU\HQHUJ\UHIHUV WR UHF\FODEOHHQHUJ\DOVRNQRZQDV UHVLGXDOHQHUJ\PDLQO\ LQFOXGLQJ WRSJDV
SRZHUUHFRYHU\DW WKHEODVW IXUQDFH IODPPDELOLW\ UHVLGXDOJDV WKDWFDQEHXVHGDVD IXHOXWLOL]DWLRQDQG
UHVLGXDOKHDWWKDWJHQHUDWHGLQHDFKSURFHVV>@
$SSURDFKHVRIUHVLGXDOJDVXWLOL]DWLRQ
$V D E\SURGXFW RI WKH LURQ DQG VWHHO HQWHUSULVHV JDV LV WKH PRVW LPSRUWDQW VHFRQGDU\ HQHUJ\ ,W 
DSSUR[LPDWHO\WDNHVXSDERYHRQWRWDOHQHUJ\FRQVXPSWLRQLQHQWHUSULVHV%XWWKHVHJDVLVGLIILFXOW
WRDGDSWWRWKHQHHGVRISURGXFWLRQEHFDXVHRIORZKHDWLQJYDOXHPRUHGXVWDQGZDWHUDQGELJSUHVVXUH
IOXFWXDWLRQVLQWUDGLWLRQDO LURQ	VWHHO LQGXVWU\8VXDOO\ WKHJDVLVSURYLGHGWRKRWEODVWVWRYHDQGFRNH
RYHQJDVPL[DQGVXUSOXVJDVEOHHGRXW7KLVFDQOHDGWRHQHUJ\ZDVWHGDQGHQYLURQPHQWSROOXWHG:LWK
VRPHDGYDQFHGWHFKQLFGHYHORSHGVXFKDVSXUHEODVWIXUQDFHJDVILUHGERLOHUFRPELQHGF\FOHSRZHUSODQW
DQGKLJKWHPSHUDWXUHUHJHQHUDWRUWKHDSSOLFDWLRQRIWKHVHWHFKQRORJLHVSURYLGHVDYHU\JRRGZD\IRUWKH
HIIHFWLYHXVHRIEODVWIXUQDFHJDV7KHWHFKQRORJ\RIXVLQJFRNHRYHQJDVWRSURGXFHK\GURJHQPHWKDQRO
GLPHWK\OHWKHUDQGRWKHUSURGXFWVLVJHWWLQJPRUHPDWXUHUDWLRQDODQG(FRQRPLFDO7KHVHPHWKRGVKDYH
EHHQZLGHO\XVHG LQ LURQDQGVWHHO HQWHUSULVHV7KHFRQYHUWHUFRDOJDVSOD\VYLWDO UROH LQ IXHOEDODQFHG
LQWHJUDWHG RI LURQ DQG VWHHOZRUNV ,W LV QRW RQO\ DYDLODEOH WR WKH VWHHOZRUNV XVH IRU RQHVHOIEXW DOVR
VXSSO\ WR UROO RYHUZRUNVKRS DQG FROG UROOLQJZRUNVKRS0RUHRYHU LW FDQ UHDOL]H WKH QHJDWLYH HQHUJ\
VWHHOPDNLQJRIPDNHIXOOXVHRIFRQYHUWHUFRDOJDV
$SSURDFKHVRIUHVLGXDOKHDWXWLOL]DWLRQ
7KHUHDUHKLJKWHPSHUDWXUHKHDWVRXUFHDQGORZWHPSHUDWXUHKHDWVRXUFHLQSURGXFWLRQSURFHVVRILURQ
DQG VWHHO LQGXVWU\ +LJKWHPSHUDWXUH KHDW VRXUFH LQFOXGHV KLJKWHPSHUDWXUH ZDVWH KHDW RI FRNH EODVW
IXUQDFHVODJDQGKRWZDWHUKHDWH[WHQVLRQ7KHVHKLJKWHPSHUDWXUHZDVWHKHDWFDQSURGXFHVWHDPWKURXJK
KHDWH[FKDQJHUEHXVHGWRJHQHUDWHHOHFWULFLW\/RZWHPSHUDWXUHKHDWVRXUFHLQFOXGHVORZTXDOLW\DIWHUKHDW
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
VWHDPORZWHPSHUDWXUHFRNHNLOQJDVVLQWHULQJEHOWFROGPDFKLQHKD]HDQGKRWEODVWVWRYH
VKD]HDQGVR
RQ7KHORZWHPSHUDWXUHKHDWUHFRYHU\LVPRUHGLIILFXOWEXWLWKDVEHHQGHYHORSHGWHFKQRORJ\WRXWLOL]H
ORZ WHPSHUDWXUH KHDW HIIHFWLYHO\ VXFK DV VRPH ODUJH VWHHO ZRUNV GHVLJQHG VWHDP WXUELQH LQWURGXFHG
ORZTXDOLW\VWHDPWRJHQHUDWHSRZHUGLUHFWO\>@ 
7RS*DV3UHVVXUH5HFRYHU\7XUELQH7HFKQRORJ\757
3RZHUFDQEHJHQHUDWHGZLWK WKHHQHUJ\RISUHVVXUH IURP WKH WRSRIDEODVW IXUQDFHXVLQJD WXUELQH
JHQHUDWRUJURXS7KHRUHWLFDOO\ WKHSRZHUJHQHUDWHG IURP757 HTXLSPHQW LV HTXDO WR WKHSRZHUHQHUJ\
FRQVXPHGZKHQWKHFRDOJDVSUHVVXUHDWWKHWRSRIWKHEODVWIXUQDFHLVN3D(FRQRPLFUHWXUQVPD\EH
REWDLQHGZKHQ WKH SUHVVXUH RI WKH FRDO JDV UHDFKHV  N3D DQG HYHQ KLJKHU HFRQRPLF UHWXUQV FDQEH
DFKLHYHG HVSHFLDOO\ LI WKH FRDO JDV SUHVVXUH LV JUHDWHU WKDQ  N3D ,Q VWHHO SURGXFWLRQ E\ WKH EODVW
IXUQDFHURXWHLQFUHDVLQJWKHSUHVVXUHDWWKHWRSRIWKHEODVWIXUQDFHLVDGYDQWDJHRXVDVLWOHDGVWRUHFRYHU\
RIHQHUJ\UHVRXUFHV7KHDPRXQWRISRZHUJHQHUDWHGLQFUHDVHVE\LIGU\GXVWLVUHPRYHGDWWKHFRDO
JDVSXULILFDWLRQVWDJHDQGWKHWXUELQHFDSDFLW\E\DERXWLIWKHWHPSHUDWXUHRIFRDOJDVLVUDLVHGE\
FHQWLJUDGH,I757HTXLSPHQWLVDGRSWHGLWLVHVWLPDWHGWKDWRIHQHUJ\FDQEHUHFRYHUHGIURPWKHDLU
EODVWIRUWKHIXUQDFHDQGWKHHQHUJ\FRQVXPSWLRQLQWKHVWHHOPDNLQJSURFHVVHVUHGXFHGE\OONJFHW757
FDQJHQHUDWH  FRQVLGHUDEOHSRZHUEXWDOVRFDQUHGXFHQRLVHSROOXWLRQ6RWKHWHFKQRORJ\FDQEHFDOOHG
DQHIIHFWLYHHQYLURQPHQWDOSURWHFWLRQDQGHQHUJ\VDYLQJPHDVXUHV  
&RQFOXVLRQ
$FFRUGLQJ WR DQDO\LQJ HQHUJ\ UHFRYHU\ VLWXDWLRQ LQ RXU FRXQWU\ ZH FDQ PDNH D FRQFOXVLRQ WKDW
VHFRQGDU\ HQHUJ\ XWLOL]DWLRQ RI &KLQD
V LURQ 	 VWHHO LQGXVWU\ LV EDFNZDUGQHVV 7KHUH DUH IHZ ODUJH
HIIHFWLYH GHYLFHV HTXLSSHG IRU HQHUJ\VDYLQJ DQG HQYLURQPHQWDO SURWHFWLRQ LQPHGLXP DQG VPDOO VL]HG
LURQ	 VWHHO FRUSRUDWLRQV7KHPDLQ UHDVRQV DUH WKHVH HQWHUSULVHV EH JHQHUDOO\ ODFN IXQGV WHFKQRORJ\
LQIUDVWUXFWXUHDQGFUHDWLYHWDOHQWDQGVRRQ 
%DVHGRQWKHDQDO\VLVRIVHFRQGDU\HQHUJ\LQLURQ	VWHHOLQGXVWU\WKHHOLPLQDWLRQRIVPDOOVLQWHULQJ
PDFKLQH DQG EODVW IXUQDFHV WKH SURPRWLRQ RI WKH WHFKQRORJLHV VXFK DV XVH RI 757 KLJK HIILFLHQF\
GU\W\SH GHGXVWHU IRUEODVW IXUQDFH JDV SRZHU JHQHUDWLRQ RQEODVW IXUQDFH JDV DQG HQHUJ\ UHFRYHU\ LQ
VLQWHULQJ DUH WKH NH\ SRLQWV IRU HQHUJ\ VDYLQJ LQ IXWXUH ,URQ	 VWHHO HQWHUSULVHV QHHG QDWLRQDO SROLF\
VXSSRUW IRU HQHUJ\ FRPSUHKHQVLYH XWLOL]DWLRQ VXFK DV ILQDQFH VXEVLG\ UHYHQXH H[FHOOHQW DQG ILQDQFLDO
VXSSRUW )RU H[DPSOH WKH LURQ 	 VWHHO LQGXVWU\ VHFRQGDU\ HQHUJ\ UHF\FOLQJ SODQW ORFDWLRQ PD\ EH
FRQVLGHUHGUHQHZDEOHHQHUJ\SODQWDQGVHFRQGDU\HQHUJ\RILURQ	VWHHOHQWHUSULVHVVKRXOGEHUHJDUGHG
DV UHQHZDEOHHQHUJ\ VR WKDW LURQ	VWHHO HQWHUSULVHVHQMR\ WD[ LQFHQWLYHVHQMR\ WKH UHOHYDQW VXSSRUWLQJ
SROLFLHVLQWHUPVRI&OHDQHU3URGXFWLRQLQLURQ	VWHHOLQGXVWU\
5HIHUHQFHV
>@:HL-LDQ[LQ(QHUJ\6WUDWHJ\RI,URQDQG6WHHO(QWHUSULVHV>-@(QHUJ\IRU0HWDOOXUJLFDO,QGXVWU\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